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Abstract

This paper describes a unique, large
diameter, low speed, axial fan test bed with
an externally supported duct. This fan can be
used both to investigate active noise control
and for more general fan aeroacoustics
research. Several of the features and the

design philosophies are presented. The most
important feature is the installation of two
mode measuring systems that enable the
complete modal structure (all circumferential
and radial orders) of both the inlet and
exhaust ducts to be determined.

A sample of data for two configurations,
rotor alone and rod/rotor interaction are

presented. In-duct modal data for rotor alone
reveals minimal extraneous modes that might

interfere with any interaction modes being
investigated. The rod data shows strong
interactions for the expected modes. High
resolution spectral and spacial far-field data
reveal a directivity pattern consistent with the
modal structure. The unique ability to view
both far-field and in-duct modal structure
makes this test bed well suited for the test

and development of fan active noise control

systems.

The rod modal data was projected to the
far-field using a finite element code and
compared to the actual far-field data showing
an excellent agreement. This not only
validates the code but contributes to
confidence in the in-duct and far-field data

quality.

Introduction

Development of the next generation of
commercial transport aircraft will require an
extensive effort in the area of engine noise
reduction. As part of NASA's Advanced
Subsonic Technology Noise Reduction
Program, technology is being developted to
reduce engine noise 6 EPNdB relative to
certified levels as of 1992. The trend towards

ultra-high-bypass engines with short and thin
nacelles is making it difficult to provide

adeqate passive acoustic treatment for noise
reduction. At the same time, noise regulations
are becoming more stringent. One possible
solution to this dilemma is Active Noise

Control (ANC) of the fan tones. This will
require the verification of in-duct active noise
control techniques, and the use of advanced
technology in Computational Aeroacoustics
(CAA). To support this effort, a ducted fan
test bed with a number of unique features has
been developed at NASA's Lewis Research
Center. This test bed, referred to as the ANCF
(Active Noise Control Fan), consists of a

large, low-speed ducted fan driven by an
electric motor, rotating rake mode
measurement systems and an inlet flow
control device to allow static testing. It is
housed in the APL (Aeroacoustic Propulsion
Laboratory) facility at NASA Lewis; a hemi-
anechoic chamber with provisions for far-field
noise measurements.

Research in both the areas of ANC and

CAA can benefit from less complicated duct
acoustics, geometry, and high Mach number
flows. The low fan tip speed, simple duct
lines, and low axial velocity were chosen to
simplify the problems but not lose the

Senior Member, AIAA. ** Member, AIAA.



essentialacoustics of an aero propulsion fan.
Thus, the modal structure of the ANCF duct

acoustics has both circumferential (spinning)
as well as radial modes but a lower number

than would be present in a high-speed fan.
The ANCF is an intermediate step to full
scale engine testing of fan active noise control.

Apparatus and Procedures

The ANCF has several unique features

that set it apart from all other fan noise test
beds; the rotating rake mode measurement

system (with inlet/exhaust capability), the
size and operating frequency range, the
capability to run with a wide variety of
stators or rods in the duct (including no
stators), varable pitch rotor blades, and the
use of an Inflow Control Device to permit
static testing. Photographs of ANCF are
shown in Figure I with both the ICD installed
and a bare inlet.

Structure and Drive Train

The ability to test the rotor alone with no
vanes or struts in the duct made for a difficult

structural and acoustic problem. The load
path between the fan and the duct had to be
long. The fan had to be rigidly supported to
maintain tight blade tip clearances (0.03 in).
These problems were solved with the
structure and drive train shown in a top view
in Figure 2. The relatively light weight fan
centerbody and a heavy tube that supports
the duct are connected by a horizontal strut.
This strut is almost two fan diameters
downstream of the rotor to minimize its
interaction with the blade wakes. The strut is

also acoustically shielded by the fan
centerbody, since the far-field microphones
are on the opposite side of the support
structure. In addition, any residual
wake/strut interaction noise is radiated

vertically and therefore minimized in the
direction of the microphones.

The drive consists of a 125 horsepower
electric motor, and two drive shafts

connected by a belt. The motor is located as
far away as possible from the rotor to lower
the mass at the end of the fan centerbody.
The motor is driven by a variable frequency
AC controller with the ability to set speed to

+ 0.2 RPM.

A column supports the fan and associated
structure at a centerline height of 10 ft. The
column rests on a moveable base that

provides the ability to move the ANCF from
the far-field arena when only in-duct testing is
required.

Fan RQtor and Duct

The fan duct and rotor of the ANCF is shown

in Figure 3. The rotor is a commercially
available ventilating fan with 16 composite
blades. This 4 foot diameter fan has a

maximum tip Mach number of 0.35, which
corresponds to a corrected speed of 1886
RPM. The blade pitch angle is adjustable
over a wide range, 25-50 degrees as measured
at the hub. ANCF generally uses blade angles
between 40 and 50 degrees with a
corresponding inlet duct Mach number range
of 0.10 to 0.13. The fan hub/tip ratio is
0.307, and the average blade chord is 4.5
inches.

The duct has a constant diameter over the

entire length for simplicity. The inlet duct
length can be varied from 0.3 to 1.3 L/D,
where L/D is the length/diameter ratio. The
exhaust duct has a fixed length of 1.0 L/D.
Nozzle area contraction is accomplished by

an increase in the center body diameter to
where the exit plane hub/tip ratio is 0.5.

Rotating Rake Mode Measurement System

The ANCF rotating rake mode
measurement system is a new implementation
of the technique originally conceived by T.G.
Sofrin (Ref.1). This technique allows the
researcher to make comprehensive
measurements of the spinning acoustic mode
structure either in the duct or at the duct/far-

field interface plane while minimizing invasive
contamination effects. One previous
implementation exists (Ref. 2), which
provided results in the inlet of a sub-scale
model. Development of the ANFC test bed

has included the first-ever example of
combined inlet and exhaust duct
measurements on the same device. These

measurements are critical to the development
of new, low-noise aircraft engines because

2



tone noisesuppressionis highly dependent
on acousticmode control. The best way to
evaluate the benefits of various, competing
tone-noise control schemes is to quantify the
fundamental physical phenomenon which
generates them. The rotating rake mode
measurement technique provides this
information. Determination of true overall

noise control effectiveness requires spinning
mode characterization at both ends of the

duct. This system is capable of measuring the
complete modal structure from the blade
passing frequency (BPF) through 3BPF.

As shown in Figure 2(b), there are two
rakes, one in the inlet and one in the exhaust
duct. These rakes are attached to a small

section of the wall that rotates at exactly
1/100 of the fan speed. Microphones at 6 to
7 radial locations on the rake sense the

acoustic radial pressure profile. Generally
only one rake is installed at a time, and rakes
are remove for far-field testing.

The radio frequency microphone telemetry
signals which are transmitted across the
rotating boundry to receivers in the APL
facility. The reciever outputs are routed to a
Digital Acoustic Data System (DADS, Ref. 3)
in the APL control room. This is a unix-based

workstation with a high speed

Analog/Digital conversion subsystem. The
ANCF is also equipped with a shaft encoder
system. The encoder signals are routed to
DADS and used to synchronize the digitizing

of the microphone signals with the fan shaft
angular location. The digitized microphone
signals are stored in disk files on the
workstation for post test analysis. This
analysis is a two step process. The basic
procedure is described in Ref. 4 but
summarized here for convenience. All post-

processing is performed on the DADS
workstation. The spectrum of a signal

observed by a stationary microphone shows
peaks at the fan BPF and its harmonics. All
acoustic modes in the fan duct generate noise

at these frequencies, regardless of mode order.
With a microphone rotating at a precise
fraction of the fan speed, each circumferential
mode generates a peak at a unique frequency.
The key to the rotating rake mode
measurement technique is precise control of
the fan/rake speed ratio. A small "doppler

shift" occurs, with the degree of shift
proportional to circumferential mode order
(m-order) and speed ratio. The spectrum of
the rotating microphone therefore shows a
duster of closely spaced tones in the vicinity
of BPF and its harmonics. With the ANCF

speed ratio of 100:1, the spacing between
tones near BPF is 0.01 shaft orders. A

difference between this system and the one in
Ref 4 is that the digitizer is slaved to a fan
shaft encoder.

The first step in processing the ANCF
data is a high resolution spectral analysis to
extract these m-orders for each microphone.
Time domain averaging is used to enhance the
signal-to-noise ratio while maintaining an
absolute phase reference. The output from
this process is a set of m-orders at each
microphone location. These m-orders are then
combined with the rake geometry information
and used as input for the second processing
step. The radial mode orders are estimated
using a least-squares curve fitting program
with bessel functions corresponding to
annular duct modes.

Size/Operating Frequency.

The development of active noise control
technology for large turbofan engines using
sub-scale laboratory models is very difficult.
Miniaturized versions of acoustic sources for
active control often bear little resemblance to

devices suitable for full-scale engines. Most
active control schemes require the use of
microprocessor-based digital controllers to
perform adaptive, real-time signal processing.
This processing is extremely challenging in a
sub-scale model because the acoustic

frequency of the fan increases as the physical
size is scaled down. This requires an
accompanying increase in digital controller
bandwidth/processing speed. The ANCF
avoids these problems by providing a duct
diameter of about one half, and operating
frequency comparable to a full-scale ultra-
high-bypass ratio engine.

$tator Configurations

Most sub-scale turbofan models are ill
suited for basic research in rotor-stator

interaction noise because the stators perform
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two functions; swirl recovery and structural
support for the engine nacelle. The structural
consideration usually places severe
limitations on the ability to re-configure the
stators for noise research purposes. The
ANCF does not require any in-duct stators or
structural supports. It also features a modular
design to allow rapid re-configuration of the
stators including axial and circumferential

positioning. Any number of stator vanes up to
28 (currently) may be installed in the exhaust
duct at any axial location from 0.5 to more
than 4.0 rotor chords downstream of the

trailing edge of the rotor blades. The vanes
have a chord length equal to the average rotor
blade chord, 4.5 inches. In addition, the

stator vane assembly can rotated to any
angular postion (clocked) so as to rotate an
azithmutal directivity pattern in the far-field.
Rods can be installed upstream of the rotor to
insure that a strong and well-understood
wake-pressure pattern impinges on the rotor
and generates acoustic modes. This can
facilitated validation of mode-prediction
CAA codes.

Inflow Control Device

Another important feature of the ANCF is
the ICD (Inflow Control Device, Ref. 5). The
ICD removes large scale, random turbulence
and ground vortices that would otherwise
interact with the rotor and cause extraneous

tone noise to be generated. The shape of the
ICD represents an equal potential surface as
determined by a potential flow code. The
ICD is composed of 11 identical segments of
compound curved honeycomb panels
attached to very thin ribs. This does generate
a very weak but predictable fixed-pattern
flow distortion at the fan and results in some

extraneous acoustic mode energy. This 11
lobed fixed distortion pattern results in no
propagating modes below 2BPF. One of the
first milestones in the development of the
ANCF was to measure this energy and
account for it in future experiments featuring
noise suppression techniques. Control
measures intended for in-duct noise sources

will not necessarily work on noise originating
due to external flow distortions. Results

showing the magnitude of the ICD/rotor
interactions will be presented in a later
section of this paper. A 22 section ICD that

should have no interaction modes below 3BPF

will be tested shortly.

The ICD allows testing without the need
for a simulated freestream in-flow. This

results in the following major advantages over
test beds that require a wind-tunnel
environment to simulate forward aircraft

ea t:
1) The absence of any freestream airflow
reduces the level of background noise present
in far-field measurements.

2) Low background levels allow the ANCF to
be designed with inexpensive, lightly loaded
composite rotor blades and a low-power
drive motor.

3) Rig operation is fairly quiet, even before the
application of any noise suppression
measures. This allows test support personnel
to work around the rig while it is running.

Aeroacoustic Propulsion Labortory (APL)

The APL facility is a 130 ft diameter
geodesic dome at NASA Lewis enclosing
several test stands (Ref. 6). The ANCF makes
use of various facility instrumentation
systems including electrical power and a
computerized acoustic data acquisition
system. The APL includes a fully anechoic
acoustic arena with treated walls and floors

and a far-field microphone array at a nominal
radius of 50 ft and an angular resolution of
approximatly 6 deg.

Result8 and Discussion

Baseline acoustic data resulting from two

test configurations are reported in this paper:
rotor alone, and 14 rods mounted upstream

of the rotor. In part, this data is presented
for the purpose of demontrating the
capabilities and quality of the ANCF
systems. A companion paper, Ref.7 reports
the results of several stator vane

configurations and the same rotor as in this
investigation. The inlet and exhaust in-duct
modal structure from BPF to 3BPF, as well as
far-field narrowband measurements were

taken from 1520 to 1886 RPM. In addition,

the 14 rod modal data projected to the far-
field using a finite element code is compared
to the actual far-field data. All the data
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shown is for the rotor set to a blade pitch
angle (as measured at the hub) of 40 degrees.

Comparison of the Modal Structure of Rotor
Alone Versus Rod/Rotor Interaction

The inlet modal structure at BPF measured

at the entrance (upstream end of the constant
area section) of the inlet is compared at the
maximum corrected speed of 1886 RPM in
Figure 4. The modal structure is portrayed in
the form of a 3-D bar graph with the mode

power, PWL referenced to 10-12 watts plotted
against both circumferential (m) and radial
(n) orders. The expected m=2 order due to
the wakes of 14 rods interacting with 16 rotor
blades at BPF dominates all other modes by
almost 25 dB. The rotor alone modes can be

seen to all be at or below 90 dB (level at

which measurement reliability becomes low).
These low levels indicates there are few and
weak sources extraneous to rod/rotor

interaction. Examples of extraneous sources
include inlet flow distortions and variations

in blade tip clearance. The back row in the
plots show the total power in the m-order
and the total power in the tone is shown
above each plot. The rotor alone is almost 30
dB below the 14 rods in terms of total tone

PWL. This very large difference is due in part
to a clean aerodynamic fan installation and a

strong rod/rotor interaction. The 14 rods
show a higher number/level of extraneous
modes than rotor alone. This might be related

to a higher level of turbulence in the fan
inflow. Figure 5 shows the same comparison
for 2BPF. The interaction for the 14 rod case
should occur at m--4. This m-order is

composed of two radial orders and
dominates over the other modes. The largest
of the extraneous modes is at m=2 with a
total level below 100dB or almost 20 dB
below the rod/rotor interaction. For the rotor

alone, the 11 segment ICD interaction should
occur at m=-I and is evident by two of the
three radial orders above 90 dB. The rotor

alone levels are higher than at BPF but still
well below the 14 rod data. The 3BPF modal

comparison is shown in Figure 6 where, as
might be expected, there are many more
modes present. The 14 rods should produce
interactions at m=6 & -8, which are quite
evident in the data. The total PWL for each

of these m-orders is almost identical and they

are, by far, the major contributors to the total
tone power. The largest of the extraneous
modes is m=4, which happens to be an ICD
interaction mode. The rotor alone shows this

mode as well as a second interaction mode,

m=-7 at levels around 95 dB. It is interesting
to note the m=4 level for the 14 rod data is 10

dB higher than the rotor alone indicating a
possible additional, but unknown source for
this mode.

Figures 7-9 show the modal structure
comparison for BPF through 3BPF
respectively, for the exhaust duct. These
measurements were taken with the rake just
upstream of the exit plane. The BPF
interaction mode, m = 2, for 14 rods is 5 dB

higher than it was for the inlet. The m=l is
noticeably the highest of the extraneous
modes (over 100 dB). This is still well below
the interaction mode level. For rotor alone at

BPF there are no significant modes present.
The 2BPF modes for 14 rods are similar to the

inlet with m=4 somewhat higher and the
extraneous modes slightly lower. For rotor
alone, at 2BPF only a small amount of m=-I
from the ICD is shown. The 3BPF plots are
very similar to the inlet plots (Fig. 6) except
for 14 rods, an extraneous mode for m=-10 is

unusually high.

Effect of Rake Location on Mode
Measurements

All the inlet mode data presented up to

this point was measured at the inlet entrance
or 0.72 L/D from the fan. Measurements
were also made much closer to the fan at

0.208 L/D which is about half way along the
fan spinner. A comparison of these
measurements for BPF and 2BPF are shown in

Figures 10 and 11, respectively. The 14 rod
interaction mode, m = 2, at BPF is slightly

higher near the fan than the upstream
location. This could be due to a small inlet or

spinner termination reflection which would
create a weak axial standing wave pattern in
the duct. The other modes are low and
similar for both locations. The two locations

have nearly the same modal structures at
2BPF. In fact, the total power in the tone is
identical for both locations. The good

agreement shown here contributes to
confidence in the mode measuring system and
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agenerallylow levelof in-duct reflections.

Effect of Fan Speed on the Interaction Modes

The strength of the interaction modes in
terms of power is shown in Figure 12 for both
inlet and exhaust at BPF and 2BPF. The 14

rods generate an m=2 at BPF and only one
radial order can propagate, (2,0). In the inlet,
this mode power increases with speed up to
1700 RPM and then has a relatively fiat

response with increasing speed. A similar
behavior is displayed in the exhaust with
levels somewhat higher than the inlet. The
inlet data at 2BPF shows the m = 4 modes

from the 14 rod interaction and the m=-I
from the ICD. Most of these modes increase

with speed from 1520 to 1886 RPM. The
(4,1) mode has a more erratic behavior and
has lower levels than (4,0). It should be noted
that this mode is cutoff at the lowest speed
shown, for the inlet only. The ICD, m=-I
modes are well below the 14 rod modes. The

exhaust modes show similar behavior except

the (4,1) mode is less erratic.

Far-field Results

Far-field noise measurements were taken

over an arc of almost 170 degrees with 28

microphones resulting in an average angular
resolution of approximately 6 degrees. A
narrowband analysis with a resolution
bandwidth of 2.2 Hz was used to create tone

directivity plots for both the 14 rod and rotor

alone configurations. This very narrow
bandwidth allows the accurate measurement
of weak tones. In addition, broadband levels

near the tones were established by averaging
two bands on either side of the tone base.

Figure 13 shows a summary of the far-field
results for both configurations from BPF
through 3BPF at maximum speed. Included
on the plots are the fan broadband floor
(rotor alone) and the facility background
floor. Zero degrees on the plots is on the inlet
axis and the radius is 10 D. The 14 rods on

the BPF plot show strong lobes in both the
inlet and exhaust quadrants. These lobes are
caused by the (2,0) modes. A comparison of

Figures 4(a) and 7(a) shows the exhaust mode
to be 5 dB stronger then the inlet, which

corresponds to the larger lobe seen in the far-

field exhaust. The rotor alone is generally 25
to 35 dB below the 14 rod data at angles

around lobe peaks, and its relatively fiat
shape indicates no dominate modes are
present. This is consistent with the modal
structures previous presented. The fan
broadband floor is generally 10 to 18 dB
below the rotor alone tone. This indicates

that the very narrow spectral analysis used in
the far-field makes this data even more
sensitive than the in-duct modal data. The

higher levels seen on the 167 deg microphone
for many of the tones and broadband may be
suspect since this location is on the edge of
the exhaust flow. The background noise is

generally 20 dB below the broadband, except
where the open facility door is responsible for
higher levels at the end of the exhaust

quadrant. The 2BPF plot for 14 rods shows a
more complicated pattern then BPF. This is
primarly due to the presence ot two modes in
both the inlet and exhaust, (4,0) and (4,1).

The rotor alone curve is noticably higher than
at BPF. This again is consistent with the
modal structure (Figs 5(b) and 8(b)) where the
ICD modes (m=-l) are present. The 3BPF

plots are similar to 2BPF due to the presents
of multiple interaction and extraneous modes.
The background noise levels drop as the

frequency increases but still rise in the vicinity
of the door.

Computational Aeroacoustics

The ANCF provides a valuable source of
experimental data to verify Computational
Aeroacoustic computer programs for fan
noise prediction. These programs will permit
rapid evaluation of low-noise engine designs
while reducing the need to fabricate large
numbers of expensive prototypes. The
following categories of CAA programs are
candidates for verification using the ANCF:

1) Those used to predict the the generation of
acoustic modes and their distribution at the
source. This includes modifications to include

active noise control acoustic sources and to

predict their effect at the source.
2) Those which predict the propagation of
acoustic modes in the duct, including
reflection/transmission at duct terminations.

3) Programs to predict mode behaviour during
radiation to the far-field.



A finite element code using the in-duct
mode measurements for the 14 rod
configurationwill beusedto computethe far-
field directivity. These computed results are
compared to the far-field measurements.

Computation of Far-Field Radiation

Inlet Radiation

Eversman and Roy (Ref 8) solve the noise

radiation problem using a finite element
method. The propagation in the duct and the
radiation to the far-field are included in one

model. The acoustic problem is formulated in
terms of the acoustic perturbation velocity
potential. They solve the duct eigenvalue
problem for a duct with uniform flow. The
formulation is a Bessers equation of order m.
The finite element solution of this equation is
the approximation to the exact solution.
They employ a Galerkin type finite element
formulation with isoparametric elements. The
mean flow is computed using a velocity
potential formulation on the same mesh that
Is used for acoustic propagation and
radiation. The acoustic field equations are
written in terms of the acoustic potential and

acoustic pressure and solved using finite
element techniques.

The source is modeled in terms of the
incident and reflected modes, which are
matched to the finite element solution on the

same plane. Wave envelope elements are
used in the far-field, assuming that the sound

field there approximates that produced by a
point source. It is assumed that only outgoing
waves exist at the far-field boundary, where a
Sommerfeld radiation condition for a

monopole in a uniform flow is applied. The
same boundary conditions are applied at the
baffle boundary (Ref 8). With the wave
envelope elements in the far-field the entire
radiation field can be modeled with a

relatively small number of finite elements.
The solution to the finite element system is

obtained using a frontal solution method.
Further details of the finite element

formulation and the solution procedure may
be found in Reference 8.

Aft Radiation

The equations governing the acoustic field
of the aft radiation are the same as those

used for the inlet. However, the jet shear

layer from the nozzle introduces complication
for the computation of the mean flow. The
shear layer is modeled as though the duct is
extended four duct radii beyond the exit
plane (Ref 9). The velocity potential is
allowed to be discontinuous across the shear

layer. The acoustic pressure is continuous
over the entire region. Beyond this "extended"
duct, the internal and external flows are
allowed to mix and the velocity potential is

continuous everywhere. The extent of the
"extended" duct can be varied if needed.

The finite element techniques and computer
codes developed by Eversman and Roy have
been applied to modern turbofans (Ref 10,11)
and NASA's ANCF (Ref 12).

The present computations were done on the
ANCF geometry corresponding to that of the
14 rod configuration. The far-field boundary
is located at 10 D (diameters) where far-field

measurements are made. A long center body
and a flanged exit characterize the aft duct
geometry. In this study the source (input)
plane is the rotating rake measurement plane
of the inlet or exhaust duct. The computation
is carried out separately for the inlet and aft
radiation as indicated above. The

propagation through the inlet and aft ducts
and the respective far-field radiation are
studied. A composite prediction of the far-
field directivity is computed from 0 to 180
degrees, by combining the inlet and aft results.
In the intermediate region where the radiation
from the inlet and aft interfere with each

other, the mean square pressures from the
inlet and aft have been added to get the
resultant curve (Ref 12). The computed far-
field directivities are compared with the
measurements.

Comparisons of Computed and Measured
Far-field Directivites

A comparison of the computed to
measured directivity for the BPF tone, for the
14 rods, at two speeds is shown in Figure 14.
For both speeds, the inlet quadrant shows
excellent agreement between the data and
code. Both the shape and level of these
curves are nearly identical. It should be
pointed out that the code used only the value
of the interaction mode (2,0) for this
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calculation. This is adequate only when
extraneous modes are very low compared to
the interaction modes. All modes except the

plane wave, (0,0) peak off axis. Thus, when
there are tone levels above the broadband on

axis, as in the 1886 RPM case, this indicates a
small amount of a (0,0) mode. The agreement
in the aft quadrant is not quite as good as the
inlet with a tendency for the code to predict
slightly more radiation at higher angles. At
angles between 60 and 100 degrees both inlet
and aft radiation mix and since they are

coherant the possiblity for interferance exists.
This is most evident at 1700 RPM where there

are abrupt changes in directivity. If the
absolute phase of both the inlet and exhaust
modes had been available from the data, the

code might have been able to predict this
interference pattern. It should be pointed out
that the relative phase between radial orders
is available and was used in the code in the

2BPF case (Fig. 15).

The 2BPF comparison shown in Figure 15
represents a more complicated situation since
there are two interaction modes present in the
inlet and exhaust, (4,0) & (4,1). The inlet at
1886 RPM shows excellent agreement between
the code and data despite a two lobe pattern.
The exhaust comparison reveals a small shift

to the right for the prediction as in the BPF
case. As in previous plots, at 1700 RPM
there is good agreement with a progressive
shift to the right for the prediction as the far-

field angle increases. The two lobed pattern
in the inlet is missing at this speed, due to low
level of the (4,1) mode.

Concludin_ Remarks
v

This paper describes a unique large
diameter, low-speed, axial ducted fan test
bed known as ANCF. This fan is used for

both active noise control experments and
more general fan aeroacoustics research.
Several of the features and the design
philosophies are presented. The most
important feature is the installation of two
mode measuring systems that enable the
complete modal structure (all circumferintial
and radial orders) of both the inlet and
exhaust ducts to be determined for

frequencies up to and including 3BPF.

A sample of data for two configurations,
rotor alone and rod/rotor interaction are

presented. The in-duct modal data for rotor
alone reveals at BPF there are almost no

modes within the sensitivity of the
instrumentation. While at 2BPF and 3BPF,
there are low levels of modes related to the

Inflow Control Device (ICD), which is used
for turbulence control. There are occasionally
other extraneous modes of low level with

unknown sources at the higher harmonics of
BPF. The rod data shows strong interaction
modes for the expected mode orders. These
interaction modes where up to 35 dB higher
than the other modes. The modal structure
was measured at two different axial locations
in the inlet duct. At both the inlet entrance,
and at location near the fan, the measured
modal structures were almost identical.

High resolution spectral and spacial far-
field data were also obtained. These data

reveal a directivity pattern consistent with the
modal structure. The far-field noise floors for
both the fan tone and broadband noise were

more than adequate. The unique ability to
view both far-field and complete in-duct
modal structure makes this test bed well

suited for proof of concept testing and
development of fan active noise control

systems.

In addition the rod interaction modal data

was projected to the far-field using a finite
element code was compared to the far-field
data. The excellent agreement between the
far-field data and the code prediction not

only helps validates the code, but contributes
to confidence of the in-duct and far-field data

quality.
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(b) ANCF in the far-field test position with the Inflow

Control Device (ICD) installed

Figure 1, Active Noise Control Fan (ANCF) Test Rig.
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Figure 5. Comparison of inlet Modal Structure at 2BPF for Rotor Alone and 14

Rod-Rotor Configurations, 1886 RPM.
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(a) Measured at the inlet entrance
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(b) 2BPF
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